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Abstract 
With increasing interest by the software development community in software process 
improvement (SPI), it is vital that SPI programs are evaluated and the reports of lessons 
learned disseminated.  This paper presents an evaluation of a program in which low-rigour, 
one-day SPI assessments were offered at no cost to 22 small Australian software development 
firms.  The assessment model was based on ISO/IEC 15504 (SPICE).  About twelve months 
after the assessment, the firms were contacted to arrange a follow-up meeting to determine the 
extent to which they had implemented the recommendations from the assessment.   
 
Comparison of the process capability levels at the time of assessment and the follow-up 
meetings revealed that the process improvement program was effective in improving the 
process capability of 15 of these small software development firms.  Analysis of the 
assessment and follow-up reports explored important issues relating to SPI: elapsed time from 
assessment to follow-up meeting, the need for mentoring, the readiness of firms for SPI, the 
role of the owner/manager, the advice provided by the assessors, and the need to record costs 
and benefits.  Based on an analysis of the program and its outcomes, firms are warned not to 
undertake SPI if their operation is likely to be disrupted by events internal to the firm or in the 
external environment.  Firms are urged to draw on the expertise of assessors and consultants as 
mentors, and to ensure the action plan from the assessment is feasible in terms of the 
timeframe for evaluation.  The RAPID method can be improved by fostering a closer 
relationship between the assessor and the firm sponsor; by making more extensive use of 
feedback questionnaires after the assessment and follow-up meeting; by facilitating the 
collection and reporting of cost benefit metrics; and by providing more detailed guidance for 
the follow-up meeting.   
 
As well as providing an evaluation of the assessment model and method, the outcomes from 
this research have the potential to better equip practitioners and consultants to undertake 
software process improvement, hence increasing the success of small software development 
firms in domestic and global markets. 
 
Keywords: software process improvement; assessment-based SPI; ISO/IEC 15504; Small-
medium firms. 
1. Introduction 
Assessment-based software process improvement (SPI) programs are based on formal 
frameworks and promote the use of systematic processes and management practices for 
software engineering [1].  These approaches identify best practices for the management of 
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software engineering.  When applied, SPI programs enable organisations to understand, 
control and improve development processes.   
 
Faced with an enormous choice of methods, tools and techniques, software development 
managers need evidence that their investment in new practices will produce benefits [2, 3].  
Unfortunately, many approaches are adopted ‘based on anecdotes, gut feelings, expert opinion 
and flawed research, not on careful, rigorous software engineering experimentation’ [2].   
Therefore, researchers are urged to undertake evaluative research involving realistic projects 
with sufficient rigour to ensure that any benefits identified are clearly derived from the concept 
in question [2]. Although past studies have discussed issues which inhibit adoption of SPI, 
empirical research on software process innovation is largely lacking. Consequently, there is 
insufficient knowledge about which innovations are effective, and which factors influence 
their adoption.  It is vital to understand the processes currently used, and to evaluate the 
effectiveness of process improvement programs, or investments in SPI are wasted [4].   
 
This paper provides an evaluation of an assessment-based SPI program which was carried out 
in 22 small software development firms in Australia.  The outcomes of the program were 
analysed as part of a doctoral thesis [5] and aspects of the program have been reported 
previously [6, 7] .  Analysis of the capability levels at the time of assessment and later follow-
up meeting revealed that the process improvement program was effective in improving the 
process capability of many of these small software development firms [6].  An association was 
found between assessed capability levels and the experience and education level of staff 
employed by the assessed firms; also, the process capability of firms varied depending on the 
industry sectors targeted by firms [6].  The readiness of small firms to undertake an 
assessment-based software process improvement (SPI) program was previously discussed 
along with the actions taken by the firms and reasons for lack of action [7].   
 
The evaluation reported in this paper is based on an analysis of the documents compiled 
during the SPI program.  The goals of the analysis were to: 
• discuss factors related to small-medium software development firms that are inhibitors 
or incentives to process improvement; 
• suggest improvements to the RAPID program. 
 
The next section (§2) explains the background of the SPI program, the assessment model and 
method.  In §3, the method used to evaluate the RAPID program for this paper is detailed.  
The outcomes of the program are summarised (in §4), and then the discussion (§5) considers 
issues related to the SPI program.  Finally, recommendations are made to small firms and 
assessors to ensure maximum benefit is gained from investment in SPI programs, and specific 
improvements to the RAPID program are suggested. 
2. Background 
Software Engineering Australia (SEA) (Queensland) provided funding for the Software 
Quality Institute (SQI) to deliver a process improvement program to 22 small software 
development firms.  Some of these firms had previously participated in SQI training, and 
others had responded to a survey of Queensland software developers conducted by SQI for 
SEA.  Each firm participated in an initial process assessment and the progress of 20 of the 
firms was reviewed at a follow-up meeting about 12 months after the assessment.  Follow-up 
meetings were not held with two firms as they had withdrawn from the program. 
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2.1 RAPID Model 
The process improvement program used the Rapid Assessment for Process Improvement for 
software Development (RAPID) model and method [8].  The RAPID method as applied in 
these studies is based on the Technical Report (TR) version of the emerging international 
standard for software process assessment ISO/IEC 15504 (SPICE) [9].  The ISO/IEC 15504 
standard has been validated through an international series of trials.  Due to the resource 
constraints in small firms, and also the SPI program funding limitations, the assessments were 
restricted to one day each.  To enable each assessment to be performed in one day, the scope 
of the assessment was narrowed to eight key processes: requirements elicitation, software 
development, configuration management, quality assurance, problem resolution, project 
management, risk management, and process establishment.  As shown in table 1, all five 
process categories of ISO/IEC TR 15504 are represented.  
 
Table 1 RAPID processes and process categories 
Process Process Category ISO/IEC TR 15504 ID 
RE Requirements elicitation Customer-Supplier CUS.3 
SD Software development Engineering ENG.1 
CM Configuration management  Support  SUP.2 
QA Quality assurance  Support  SUP.3 
PM Project management  Management  MAN.2 
PR Problem resolution Support SUP.8 
RM Risk management  Management  MAN.4 
PE Process establishment Organisation ORG.2.1 
 
The process capability dimension of the model was also constrained to meet the limitation of 
one-day assessments. Although SPICE provides for capability levels from zero (incomplete) to 
five (optimising), only questions relating to levels one to three were included in the RAPID 
assessment model, enabling rating levels of level 0 (incomplete), level 1 (performed), level 2 
(managed) and level 3 (established).  The RAPID method collects evidence only by interview, 
but participants may illustrate issues under discussion by reference to documents.   
 
A set of procedures and templates was designed by the RAPID program manager, the SPICE 
trials coordinator and key staff from the SQI and included a demographic questionnaire, 
assessment plan, assessment instrument, assessment report, assessment feedback 
questionnaire, and final report.  Examples of the RAPID questionnaires and templates are 
provided in [5]. 
2.2 RAPID assessment procedure 
From a pool of nine qualified SPICE assessors, two assessors performed each RAPID 
assessment, one in the role of team leader and the other as support assessor [10].  The RAPID 
method places a strong emphasis on the experience and professionalism of the assessors.  The 
initial assessments were conducted from August to December 1999.    
 
At each firm, the owner of the firm or the software development manager took on the role of 
sponsor for the SPI program by committing the firm to the RAPID program, participating in 
planning the assessment, and providing staff for the assessment.  Firstly, the sponsor 
completed a demographic questionnaire, then an assessment plan was compiled jointly by the 
team leader and the support assessor, and agreed to by the sponsor.  The team leader and 
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support assessor conducted one-day on-site interviews with key people involved in managing 
the software development effort of the organisation.  For each of the eight processes examined, 
the assessors followed the script of the assessment instrument to determine the extent to which 
the process attributes have been achieved using a four point scale: not achieved; partially 
achieved; largely achieved; and fully achieved.  The capability level (0, 1, 2 or 3) for each of 
the eight processes was then determined, based on the organisation’s achievement of the 
process attributes.  A draft report was prepared identifying strengths, weaknesses, process 
attribute ratings and capability levels, and an action plan with recommendations for 
improvement to the organisation.  In formulating the action plans, the SPICE approach was 
used ensuring improvement strategies were based on individual business needs rather than the 
‘maturity’ approach of improvement in defined stages. 
 
The draft report was forwarded to the sponsor at the organisation to confirm that the 
assessment team had accurately recorded the information discussed.  Any changes suggested 
by the sponsor were discussed and then the assessment report was submitted to the sponsor 
and SQI.  At this time, sponsors were requested to complete and return a feedback 
questionnaire reporting on the assessors, the value of the assessment, and the usefulness of the 
assessment.  Sponsors were informed that the assessors would not see the feedback forms.  
The feedback forms were consolidated by a research assistant who was not involved in the 
assessments.  Consolidated feedback was provided to the RAPID program manager and SEA.  
The feedback questionnaires had been previously validated through Phase 1 of the SPICE 
trials. 
2.3 Follow-up meetings 
About six months after the assessment, an assessor contacted the sponsor to arrange a follow-
up meeting for each firm.  Elapsed time from the initial assessment to the follow-up meeting 
ranged from 7 to 16 months.  For nine of the firms, the follow-up meeting included a formal 
reassessment of some or all of the processes; the other follow-up meetings were less formal.  
During each follow-up meeting, the assessor reviewed the action plan with the sponsor to 
determine SPI progress since the assessment.  The final reports for formal follow-up meetings 
differed from those of the informal meetings by the inclusion of process profiles and capability 
levels determined during the formal follow-up meetings.  In some cases, the extent of the 
follow-up meeting was limited to a telephone conversation between the follow-up assessor and 
the sponsor.  After the follow-up meeting, a final report was compiled and sent to the sponsor 
and SQI detailing the extent to which the recommendations had been implemented.  Although 
the firms were not specifically urged to comment on the final report, they were invited to 
contact the follow-up assessor if they had any queries or comments.  None of the sponsors 
responded with comments related to the follow-up reports.  Recently a retrospective analysis 
of the program has commenced with a view to evaluate the long term effects of the RAPID 
program [11]. 
3. Method of Evaluation of RAPID program 
This section identifies the materials and methods used, and limitations of the evaluation of the 
RAPID program.  Software engineering researchers are urged to use quantitative analysis 
focusing on statistical analysis of numerical data, as well as qualitative analysis focusing on 
textual and numerical data.  The use of qualitative techniques with software process research is 
recommended  to provide opportunities for triangulation and synergy [12, 13].  In analysing 
the outcomes of the SPI program, quantitative methods focused on statistical analysis of 
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numerical data from the demographic questionnaire, feedback questionnaire and the 
assessment ratings in the assessment and final reports, while qualitative analysis was 
conducted on the textual content of the assessment and final reports.  It may be tempting to 
sum the eight process capability levels for each firm to establish an overall measure of 
organisational maturity, however, the scale for process capability is an ordinal scale and is 
‘private’ for each process. It is not valid to compare level 2 for one process at Firm A with 
level 2 for another process in Firm B.  Therefore, the process capability level for each process 
for each firm is reported, not the aggregate.  The highly structured technique of content 
analysis was applied to transform the data from the assessment and final reports into tabular 
form [14], so that lists of assessment characteristics could be compiled such as assessment 
dates, assessors, and common themes reported in the assessment reports.   
 
Two of the authors of this paper participated in the RAPID program as assessors, and between 
them participated in 11 of the assessments.  The third author was the overall manager of the 
RAPID program and the first author analysed all of the assessment and final reports, checking 
for themes identified in the literature, detecting recurring themes, and recording the frequency 
of occurrence of each theme.  In four cases requiring further clarification about dates and 
format of follow-up meeting, the researcher discussed the reports with the relevant assessor.  
Although only one researcher extracted the information, the extraction was checked for 
validity by the RAPID program manager. 
 
It is recognised that interviews and reports may not provided an accurate and complete view of 
actual practices within the organisation [15], however, temporal and financial constraints 
precluded further validation of responses.  Furthermore, validity could have been improved if 
two researchers had independently coded the reports, or if the interpretations were confirmed 
with the sponsors of the firms involved, practices recommended by [16]. 
4. SPI program outcomes 
Table 2 provides information about the firms, their identification numbers, the number of full-
time equivalent staff, the elapsed time in months from the assessment to the follow-up 
meeting, the type of follow-up meeting (formal, informal or no meeting), the outcome status 
on a scale of one to six, and specific comments about the outcome of the program.  The 
RAPID program identification numbers have been retained to ensure consistency with 
previous publications and also with the source documents.  Information related to firms #6, 
#10 and #20 is not included in this study as these firms did not participate in the RAPID 
program. 
 
Table 2 Characteristics of firms and program outcomes 
Firm 
# 
Staff 
FTE 
Elapsed 
time months 
Type of 
follow-up 
Same 
assessor? 
Outcome
group
Outcome of program 
1 8 15 Informal Yes 4 Business focus changed, sold 
product distribution rights.  
2 4 n.a. None No 6 Firm ceased to operate. 
3 16 16 Informal No 4 Adopted new methodology. 
Processes too new to assess. 
4 2 16 Informal Yes 5 Major non-business issue affected 
owner. 
5 6 7 Formal Yes 1 Improved QA and PM processes 1 
level each. 
Page 5 
Firm 
# 
Staff 
FTE 
Elapsed 
time months 
Type of 
follow-up 
Same 
assessor? 
Outcome Outcome of program 
group
7 6.5 12 Informal Yes 4 Relocated. Improved CM process.
8 55 10 Formal Yes 1 Improved 7 processes a total of 8 
levels. 
9 5.5 10 Formal Yes 1 Improved 6 processes a total of 9 
levels. 
11 7 13 Informal No 5 Management restructure. Changed 
business focus. 
12 6 14 Informal No 5 Too busy due to Y2K and GST. 
13 12.5 11 Formal No 1 Improved PR and PE processes 1 
level each. GST and Y2K 
impacted. 
14 17.5 14 Formal No 3 Improved QA, PE processes, and 
documentation. 
15 7.5 13 Informal No 5 Needed mentoring, difficult to 
unfreeze current practices. 
16 5.5 13 Formal Yes 3 Increase in staff, # of projects. 
17 10 9 Informal Yes 4 Lost key staff. GST major impact.
18 10.5 9 Formal Yes 1 Improved 4 processes a total of 4 
levels. 
19 3.5 11 Informal Yes 4 Disrupted by break-in at premises. 
Reduced operation. 
21 15 12 Formal Yes 1 Improved CM process 1 level. 
22 65 13 Informal Yes 5 1 day assessment too brief to be 
valuable. 
23 60.5 11 Formal Yes 2 Improved attribute. Efforts 
inhibited by multiple sites. 
24 17 n.a. None n.a. 6 SEA membership lapsed, no 
follow-up meeting held. 
25 3.5 12 Informal No 4 Some changes implemented. 
 
Outcome group. As summarised in table 3, nine firms were formally reassessed, and six of 
these are allocated to outcome group 1 as they had improved their process capability levels 
(#5, #8, #9, #13, #18, #21).  The other three formally assessed firms are placed in outcome 
group 2 and 3 as they exhibited improvements, but not enough to gain a higher capability level 
rating (#23, #14, #16).  A further 11 firms participated in the follow-up meetings, but were not 
formally reassessed. Of these 11 (informally reassessed), six firms reported that they had 
implemented some of the recommendations (group 3: #1, #3, #7, #17, #19, #25); and five 
firms did not report any improvement, but provided reasons why the recommendations had not 
been actioned (group 4: #4, #11, #12, #15, #22).  Two firms withdrew from the program: firm 
#2 had ceased to operate; firm #24’s SEA membership had lapsed.  A detailed account of the 
experiences of these firms was reported previously in [7]. 
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Table 3 Extent of improvement by firms - grouped by outcome 
Type of follow-up meeting Extent of improvement Outcome 
Group 
No. of 
Firms 
Capability level improved 1 6 
Attribute achievement improved 2 1 
Formal reassessment at 
follow-up meeting 
Specific processes improved 3 2 
Limited improvement 4 6 Informal reassessment at 
follow-up meeting No improvement 5 5 
No reassessment Withdrew from program 6 2 
 
The six firms in Group 1 increased the capability level of at least one process as shown in 
figure 1. The extent of improvement varied from the most improved firm (#8) with seven of 
the eight processes improved, to firm #21 which improved the capability level of one process. 
 
Figure 1 Process capability levels at initial assessment and follow-up meeting for 
Group 1 firms 
 
 
Firm #9
0
1
2
3
RE SD CM QA PR PM RM PE
Bef ore
Af t er
Firm #8
0
1
2
3
RE SD CM QA PR PM RM PE
Bef ore
Af t er
Firm #5
0
1
2
3
RE SD CM QA PR PM RM PE
Bef ore
Af t er
Firm #18
0
1
2
3
RE SD CM QA PR PM RM PE
Bef ore
Af t er
Firm #13
0
1
2
3
RE SD CM QA PR PM RM PE
Bef ore
Af t er
Firm #21
0
1
2
3
RE SD CM QA PR PM RM PE
Bef ore
Af t er
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Examining the extent of improvement across all eight processes, capability levels improved in 
all processes, with the process exhibiting the lowest capability at the time of the assessments, 
process establishment, improving more than the other processes.  The process with the highest 
capability at the initial assessments, requirements elicitation, showed the least improvement.  
As shown in Figure 1, 22 process instances improved, providing a total overall improvement 
of 26 levels. 
5. Evaluation and discussion 
The analysis of the feedback questionnaires, assessment and final reports identified many 
issues related to SPI for small firms.  In this section, insights gained specifically related to the 
firms participating in the study are explored, as well as issues relating to the plan and 
execution of the RAPID program.  This section discusses the elapsed time from the assessment 
to follow-up meeting, the size of the firms, the need for mentoring, the readiness of firms for 
SPI, the role of firm owner/manager, and the advice provided by the assessors.  Issues relating 
to the RAPID method are also discussed, such as the role of the assessor and the need for cost 
benefit metrics.  These issues provide the basis for specific recommendations in the final 
section (§6). 
5.1 Feedback questionnaires 
Feedback from the firm sponsors about the RAPID program was gathered through 
questionnaires and by the follow-up assessors.  Although all the sponsors were requested to 
complete the feedback questionnaires after the initial assessment, only 10 of the 22 firms 
returned any of the questionnaires.  Furthermore, one of the feedback questionnaires was 
modified during the program so there were two versions of the feedback questionnaires, which 
made it difficult to summarise the feedback into one coherent set.  Tables A.1 to A.3 in the 
appendix present summaries of all the responses to the feedback questionnaires. 
 
The first feedback form solicited opinions about the competence and behaviour of the 
assessors. The feedback from 10 firms indicates that as well as demonstrating an 
understanding of the processes involved, the assessors also displayed an adequate 
understanding of the business. The assessors acted professionally, did not exhibit bias, and the 
sponsors felt assured that confidentiality would be not be breached.  
 
The second feedback form focussed on the value of the assessment and received six responses.  
As shown in table A.2, most firms understood the assessment process, the purpose of the 
assessment activities, its results and the process profile. All of the six firms who responded to 
this questionnaire were of the opinion that the assessment was worth the expense and time 
involved. 
 
The third feedback form used a Likert scale to record perceptions about the usefulness of the 
assessment. The five responses are summarised in table A.3.  Generally, sponsors agreed that 
the assessment helped the firms to understand areas needing improvement, and also that it 
provided valuable direction about priorities for process improvement.  Two of the sponsors 
were of the opinion that they needed more guidance about how to go implement process 
improvement, and there was general agreement that the correct staff were interviewed. 
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Sponsors from four of the firms provided additional comments on the feedback forms.  
Positive comments included “overall an extremely competent and observant review of our 
status” (firm #25); “the assessment method is a very effective/efficient way of introducing 
young organisations to the business improvement options available” (firm #4); “I would like to 
see your team again sometime this year to review whether we are heading a right direction in 
organisational improvement” (firm #23). A criticism from the sponsor of firm #17 was they 
“would have appreciated a copy of the assessment plan before the assessment day”; and firms 
#4 and #25 would have liked more information about the SPI concepts and capability level 
ratings. 
5.2 Follow-up reports   
The content analysis of the 22 assessment and 20 follow-up reports (detailed in [5]) is 
summarised in tables A.4 and A.5 in the appendix.  This analysis revealed that nine of the 
firms enthusiastically commended the process improvement program, commenting that it was 
an effective introduction to SPI; that it provided an accurate review of the current status of 
development processes; and that it motivated them to improve their planning and 
documentation.  Three firms expressed regret that they were unable to put more resources into 
implementing the recommendations, but the timing of the program clashed with two urgent 
deadlines: the modifications for year 2000, and the introduction of the Australian 
Government’s Goods and Services Tax legislation.  
 
Negative comments were made by only one firm (#22).  With 60 full-time staff, 2 part-time 
and 8 contractors, firm #22 was the largest included in the program, and felt that the one-day 
assessment was too brief to be of any real value. 
5.3 Elapsed time from assessment to follow-up 
As shown in table 2, the follow-up meetings conducted were either formal reassessments of 
the capability of some or all of the processes, or an informal follow-up meeting discussing the 
extent of adoption of the recommendations.  To evaluate the relationship between the type of 
follow-up meeting and the time period from the initial assessment to the follow-up meeting, an 
independent groups t-test was performed.  Firms which were formally reassessed held their 
follow-up meetings after a shorter time period (mean 11 months) than firms not formally 
reassessed (mean 13 months), with the difference statistically significant (p=0.026).  The 
extent of elapsed time could have been influenced by how promptly the assigned assessor 
contacted the firm to arrange the follow-up meeting, but in many cases, firms deferred the 
follow-up meetings, citing work commitments and pressing deadlines. 
 
To explore the relationship of time period and program outcome, the number of firms in each 
outcome group was separated according to the elapsed time from assessment to follow-up 
meeting.  As shown in Table 4, the follow-up meetings for all the firms in the highest outcome 
groups were held less than 12 months after the RAPID assessment.  In contrast, all the firms 
that reported no improvement were followed up after more than 12 months.  The implication is 
that extra time will not result in a successful outcome.  
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Table 4 Comparison of Number of Firms by Outcome Group and Elapsed Time from 
Assessment to Follow-up Meeting 
 
Outcome Group Number of Firms 
 Elapsed Time from Assessment to Follow-up Total 
 <=12months >12 months  
1 Improved capability level 6 0 6 
2 Improved attributes 1 0 1 
3 Improved processes 0 2 2 
4 Limited improvement 4 2 6 
5 No improvement 0 5 5 
6 Withdrew from program No follow-up No follow-up 2 
Total 11 9 20 
 
The finding that a shorter follow-up period may be more effective in this program is in 
contrast to the conclusion reached by Varkoi [17].  After analysing results from a SPICE-
based SPI program involving 20 small firms in Finland, Varkoi [17] decided to extend the 
time-frame from 6 months for the pilot phase to 12 months for the harvesting phase, although 
the participants in his study considered two years to be the optimal length for an improvement 
program. 
 
The RAPID assessment report provided recommendations to the firms based on a six month 
time-frame.  This is consistent with the view held by Debou and Kuntzmann-Combelles [18] 
who urge that a three to five month time-frame for action plans be considered, and that it is 
better to adopt a narrow focus of improvement actions.  The problem with a six month time-
frame is that many firms (such as #3, #8, #16, #23) had designed new processes, but had not 
yet used them at the time of the follow-up meeting.  This confirms the view of Paulk et al. [19] 
and Krasner [20]: it can take two years for process changes to demonstrate results. 
 
It appears that more research is needed to investigate the optimal time period from assessment 
to reassessment.  Although planning needs to encourage achievement of short term goals, 
many rewards are not evident until a much longer time-frame. 
5.4 Size of firm  
Previous research [21-23] suggested that some organisational factors may facilitate the 
adoption of the recommendations, thereby resulting in greater extent of improvement.  
Although organisational size has been discussed in many reports, Beecham, Hall and Rainer 
[24] concluded from their study of SPI problems in 12 UK companies that organisational 
issues are more of a problem for high maturity firms, and that project and technical problems 
are the concern of low maturity firms.   
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As shown in table 5, the very small firms (less than 10 full-time equivalent staff) tended to 
achieve less successful outcomes in the RAPID program compared to the larger firms.  It can 
be seen from the summary in table 2 that three of the firms (#8, #22, #23) were distinctly 
larger than the other firms.  Two of these firms succeeded in the program, and the third 
considered a one-day evaluation too brief to be of value.   
 
Table 5 Comparison of outcome by number of staff 
 
 Staff<=10 Staff>10&<20 Staff>20 Total
Outcome=1,2,3 3 4 2 9
Outcome=4,5 9 1 1 11
Total 12 5 3 20
 
Based on table 5, the effect of staff size on outcome is almost statistically significant (χ2 test, 
p=0.083), although with the small overall sample size and some expected cell frequencies less 
than five (5) there are doubts about the actual significance of the result.  Perhaps very small 
firms need to concentrate on immediate day-to-day business issues and consequently do not 
have resources available for SPI.  Future research is warranted to investigate issues related to 
small firms.   
5.5 Mentoring 
Small firms need external assistance in planning and implementation of the improvements as 
they have scarce resources and limited possibilities to keep up-to-date with the state-of-the-art 
research and practice [17, 25]. On-going mentoring was not provided to firms although three 
firms mentioned during the follow-up meeting that lack of mentoring inhibited their SPI 
progress (#7, #8, #15). 
 
To facilitate the necessary technology transfer for SPI, the role of mentor may be critical to the 
success of SPI programs.  The effectiveness of mentors in SPI programs has been documented 
with the role of mentors promoted to include ‘motivating, advising, supporting, encouraging, 
teaching, listening, solving problems, calming fears, and assisting in artefact collection’ [26].  
Herbsleb and Goldenson [27] analysed 138 survey responses from CMM assessed 
organisations and found that three quarters of these organisations understood what needed to 
be improved, but needed more guidance about how to improve, and more than half needed 
more individualised mentoring and assistance.  An analysis of 37 high maturity organisations 
revealed that half of these successful organisations have a ‘formal mentoring program to 
impart skills and knowledge’ [28]. 
 
The analysis of the process improvement program reported here supports the view put forth by 
Thong, Yap and Raman [29]: for small businesses operating in an environment of resource 
poverty, high quality external expertise is even more critical than top management support. 
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5.6 Readiness for SPI   
After analysing reports which indicate that the vast majority of organisations in the US and 
UK are at the initial level of maturity, Smith et al. [30] assert that it is clear that only a handful 
of companies are ready for SPI ‘because their software health is so bad (that is if they have any 
development process at all)’.  They go on to warn that in order to be ready for SPI, a visible 
and defined software process must already be in place. The opinion that low maturity 
organisations find it much more difficult to change and implement SPI is shared by Diaz and 
Sligo [31] based on these reasons: low maturity firms do not collect metrics; they focus on 
defining core processes, not on improvement; and it takes a lot of effort to get started to 
overcome scepticism and to be sure of management support and long term commitment.  
Other researchers also believe it is pointless to try to implement high maturity processes into 
low maturity projects [32, 33].  Recently, Rainer and Hall [34] determined that factors 
impacting on SPI adoption varied for low maturity and high maturity organisations.  It would 
not be surprising if firms with higher levels of capability were better at improvement as they 
already have experience in developing higher capability processes, as well as an appropriate 
infrastructure in place to support higher capability. 
 
It is interesting to consider the performance of the five firms (#4, #7, #8, #18, #22) which, at 
the time of the initial assessment, were rated level 1 or higher for at least seven of the eight 
processes.  In this discussion, these five firms are classed as high capability and the remaining 
17 firms are referred to as low capability firms.  As shown in table 2, two of the high 
capability firms (#8, #18) are included in Group 1, having achieved sufficient improvement to 
increase the capability level of some of the eight processes. Two of the other highly rated 
firms (#4, #7) experienced seriously disruptive events which they reported prevented them 
from implementing the recommendations from the assessment. The remaining high level firm, 
firm #22, expressed the opinion that the RAPID assessment was too brief to be of any value.     
 
However, some of the firms with low initial capability were also successful in the program.  
The gains achieved by the four low capability firms (#5, #9, #13, #21) in Group 1 were 
certainly more modest than those of the higher capability firms, but still a notable 
achievement.  Furthermore, seven low capability firms (#1, #3, #16, #17, #19, #23, #25) 
reported that they had successfully implemented some of the recommendations, citing 
improvements in terms of defining their methodologies, developing templates, recording 
problem reports, and formalising testing procedures.  There were also unanticipated benefits 
such as providing the opportunity to review the business goals of the firms (#14).  As well as 
providing funding for the RAPID program, SEA Qld facilitated networking opportunities for 
local developers through training programs and a special interest group for firms interested in 
SPI. 
 
Therefore, this research indicates that low-rigour SPICE-based assessments can be effective 
for small firms with poorly defined processes. 
5.7 Role of firm owner/manager 
An interesting aspect of the SPI program was the high involvement by the owner of the firm.  
In 14 of the 22 firms assessed, the ‘managing director’ or ‘company director’ was explicitly 
recorded in the assessment report as attending the assessment interviews.  This owner/manager 
role is a characteristic of small business, for example, 70 percent of Australian small business 
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owners were classified as full-time operators [35]. However, the program outcomes in this 
study did not vary depending on whether the managing director was present or not.  
 
Lack of senior management commitment is recognised by [36-39] as a major bottleneck to the 
success of SPI initiatives, but for most small firms, the business operator is often involved in 
all aspects of the business and would therefore instigate the SPI and participate heavily in it.  
5.8 Role of assessor  
It was intended that the follow-up assessments be conducted by one of the assessors who 
performed the initial assessment, but due to limited SQI staff availability, this was not always 
possible.  In three of the Group 5 firms, the follow-up assessor was not one of the initial 
assessors.  Although not explicitly stated in the follow-up reports, it is believed that if one of 
the initial assessors had contacted the firm for the follow-up, then the follow-up may have 
been more effective in terms of providing feedback about improvement progress or lack 
thereof. The people at the firm had formed a relationship with the two initial assessors, and a 
level of trust may have been established. To introduce someone new at the time of the follow-
up meeting may have caused some anxiety for the firm sponsor, and the staff at the firm may 
have felt that the new assessor would not understand how the firm operates. They may resent 
the need to explain everything again, and may also be worried about confidentiality.  
 
Research has shown that ‘small firms are averse to consultants and reluctant to seek external 
help’ [40].  This was confirmed by Hall, Rainer and Baddoo  [32] who found that companies 
did not highly value the input of external consultants. Therefore, the assessors, as external 
consultants, need to develop a relationship with the developers in small firms.  One of the 
lessons learnt in the SataSPIN project [17] was the need for continuous contact, as well as 
contacting the firms at least once per month, prompting a further recommendation that 
assessors also make contact with more than one person at each firm.  
5.9 Cost benefit analysis  
Only one of the follow-up meetings recorded an estimate of the investment made by the firm.  
Firm #17 reported that the program consumed 155 hours of staff time and included the 
purchase of Visio software.  Most of the firms did not know the extent of resources involved 
because they did not have a measurement process in place.  Low maturity firms typically do 
not record metrics for effort or defects.  Each firm invested time in preparation and 
involvement in the RAPID assessment and follow-up meetings.  At each firm, senior members 
of the software development teams worked with the sponsor to review the recommendations 
and formulate action plans.  The effort of each firm in implementing the actions varied. Some 
firms released staff to attend training courses or to evaluate software development tools; others 
incurred costs to purchase and implement tools. 
 
As evident from the follow-up meetings, the main benefits included improved quality 
assurance, configuration management, project management and testing.  Most firms improved 
the standard of their documentation, this action quickly returned dividends for one company 
which lost a key developer.  A further important benefit to one company was the competitive 
advantage provided by quoting the capability ratings in promotional material.  Although such 
benefits are difficult to quantify in financial terms, the firms involved perceived such 
outcomes as providing real value.  
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6. Conclusion and recommendations 
Based on the issues discussed, two sets of recommendations are formulated to assist small 
firms undertaking assessment-based SPI, and also to improve the RAPID method.  
 
Recommendations to small firms undertaking assessment-based SPI. From the above 
analysis of the assessment and final reports, the following recommendations are made to assist 
sponsors, and also assessors involved in SPI projects:  
1. Before commencing SPI, ensure the organisation is stable and not undergoing major 
disruptions from internal or external events.  Despite the lack of a visible and defined 
process, small firms can benefit from SPI provided they can spare resources to focus 
on the improvement initiatives. 
2. Firms are advised to draw on expertise of external assessors/consultants as mentors. 
3. The SPI action plan, derived from the assessment recommendations, should 
differentiate between short term objectives achievable within the evaluation time-scale, 
and longer term improvement initiatives. 
 
Improvements to RAPID method.  The evaluation of the SPI program highlighted areas of 
improvement and the following recommendations are made to improve assessments: 
1. To nurture a relationship of confidence and trust, assessors should meet the sponsor 
prior to the assessment, rather than planning the assessment by phone/email. The 
sponsor needs to be provided with a brief overview of the assessment model and also 
the assessment plan prior to the assessment.  During the time period from the initial 
assessment to the follow-up assessment, encourage the assessor to contact the sponsor 
at least on a monthly basis to provide ongoing support and develop trust, and ensure 
where possible that the follow-up assessor is one of the initial assessors. 
2. To overcome the situation where the feedback questionnaires were not returned, it is 
suggested that the feedback questionnaire is left with the sponsor at the time of the 
assessment, and the sponsor return the questionnaire with the comments on the draft of 
the assessment report. Ensure that the feedback questionnaire is returned prior to 
providing the assessment report to the sponsor.  Although the feedback questionnaires 
had been validated during the SPICE trials, a number of questions need to be 
reconsidered and reformulated for future use.  For example, to suit the response scale, 
question 8 in table A.1 should read: ‘In your judgement, the assessors who conducted 
the assessment were competent’.  Furthermore, although question 7 in table A.3 
(People weren't fully honest with the assessment team) may be relevant in a large 
organisation with many developers, it is not pertinent for assessments of small software 
firms in which the sponsor typically participates in the assessment. 
3. Include a template for sponsors to record all costs and benefits from the time of the 
initial assessment to the follow-up assessment.  If firms kept a record of SPI effort, 
costs and benefits, these details could be summarised in the final report, and published 
as success stories of SPI for small firms.  These accounts of SPI success would 
encourage other small firms to embark upon process improvement.  Managers are loath 
to adopt standards without information about trade-offs between increase in quality and 
the cost of achieving that quality [41].   
4. Although a template for the final report was included, limited guidance was provided 
to the follow-up assessors.  The program could be improved by including a procedure 
in the RAPID method for the follow-up meeting.   
5. Devise a second feedback form for the sponsor to complete at the time of the follow-up 
meeting.  Whereas the initial feedback provides valuable information about the 
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assessment, comments relating to the follow-up meeting will provide the opportunity to 
improve the format and protocol of the follow-up procedures. 
 
This research answers the call to reduce the scepticism and uncertainty which exists in relation 
to the accuracy and usefulness of software process assessments and the improvements based 
on them [42].  Although there are many published accounts of assessments, there is little 
reported about reappraisals or  follow-up assessments except for large high maturity 
organisations [22].  Furthermore, this analysis has provided recommendations to improve 
assessment-based SPI programs, especially for small software development firms.  As well as 
providing validation of the assessment model and method, the outcomes from this research 
have the potential to better equip practitioners and consultants to undertake software process 
improvement, hence increasing the success of small software development firms in domestic 
and global markets. 
 
Acknowledgements 
This work is an extension of a paper presented at EASE 2005, and the authors appreciate the 
valuable comments provided by Professor Barbara Kitchenham and the Journal reviewers.  
The authors also recognise the contribution by researchers from the Software Quality Institute 
at Griffith University Queensland. 
 
References 
[1] S. Dutta, M. Lee, and L. Van Wassenhove, "Software engineering in Europe: a study 
of best practices," IEEE Software, vol. 16, no. 3, pp. 82-90, 1999. 
[2] N. Fenton, S. L. Pfleeger, and R. L. Glass, "Science and substance: a challenge to 
software engineers," IEEE Software, vol. 11, no. 4, pp. 86-95, 1994. 
[3] M. Wood, J. Daly, J. Miller, and M. Roper, "Multi-method research: an investigation 
of object-oriented technology," Journal of Systems and Software, vol. 48, no. 1, pp. 13-26, 
1999. 
[4] E. Mustonen-Ollila and K. Lyytinen, "Why organisations adopt information system 
process innovations: a longitudinal study using Diffusion of Innovation theory," Information 
Systems Journal, vol. 13, no. 275-297, 2003. 
[5] A. P. Cater-Steel, "An evaluation of software development practice and assessment-
based process improvement in small software development firms",Ph.D. dissertation,EIT, 
Griffith University, Brisbane, Qld, Australia, 2004. 
[6] A. P. Cater-Steel, "Low-rigour, rapid software process assessments for small software 
development firms," in Proceedings of Australian Software Engineering Conference 
(ASWEC). Melbourne, 2004, pp. 368-377. 
[7] A. P. Cater-Steel, M. A. Toleman, and T. P. Rout, "After the assessment: actions and 
reactions of 22 small Australian firms," in Proceedings of 4th International SPICE Conference 
on Process Assessment and Improvement. Lisbon, Portugal, 2004, pp. 54-63. 
[8]  T. P. Rout, A. Tuffley, B. Cahill, and B. Hodgen, "The rapid assessment of software 
process capability," presented at SPICE 2000 - 1st International Conference on Software 
Process Improvement and Capability dEtermination, Limerick,2000. 
[9] ISO/IEC TR 15504, "Information Technology -Software process assessment, Parts 1-
9," ISO/IEC TR 15504:1998(E), 1998. 
[10] T. P. Rout, B. Hodgen, and A. Tuffley, "Method for the Rapid Assessment of Process 
Capability," SQI-GU, Brisbane, 1999. 
Page 15 
[11]  A. Cater-Steel and M. Peterson, "SPI retrospective: industry report from a small 
software development firm," presented at ASWEC, Brisbane,2005. 
[12] J. Iversen, J. Johansen, P. A. Nielsen, and J. Pries-Heje, "Combining quantitative and 
qualitative assessment methods in software process improvement," in Proceedings of 6th 
European Conference on Information Systems (ECIS), Baets, Ed. Aix-en-Provence, France, 
1998, pp. 451-466. 
[13] W. Scacchi, "Qualitative techniques and tools for measuring, analyzing, and simulating 
software processes," in Experimental Software Engineering Issues: critical assessment and 
future directions, LNCS 706, H. D. Rombach, V. Basili, and R. W. Selby, Eds., Proceedings 
International Workshop 1992, Dagstuhl Castle, Germany ed: Springer-Verlag, 1993, pp. 27-
29. 
[14] C. Cnossen, "Learning Paper 7 Secondary Research", 1997, accessed 14 Mar, 
http://jura1.eee.rgu.ac.uk/modules/research/internal/resmeth/rmeth7_1.htm
[15] M. Jorgensen, "The Quality of Questionnaire Based Software Maintenance Studies," 
ACM SIGSOFT Software Engineering Notes, vol. 20, no. 1, pp. 71-73, 1995. 
[16] C. B. Seaman, "Qualitative methods in empirical studies of software engineering," 
IEEE Transactions on Software Engineering, vol. 25, no. 4, pp. 557-572, 1999. 
[17]  T. Varkoi, "SataSPIN- a network for software companies to improve processes," 
presented at Software and Systems Standards for the Real World Seminar, Brisbane,2004. 
[18] V. R. Basili, "The role of experimentation in software engineering: past, current, and 
future," in Proceedings of the 18th International Conference on Software Engineering: IEEE 
Computer Society Press, 1996, pp. 442-449. 
[19] M. C. Paulk, C. Weber, B. Curtis, and M. B. Chrissis, "Capability Maturity Model: 
Guidelines for Improving the Software Process." Reading, MA: Addison-Wesley, 1995. 
[20] H. Krasner, "Accumulating the Body of Evidence for the Payoff of Software Process 
Improvement - 1997", 1997, accessed 14 Mar, 
http://www.utexas.edu/coe/sqi/archive/krasner/spi.pdf
[21] J. G. Brodman and D. L. Johnson, "What small businesses and small organisations say 
about the CMM," in Proceedings of 16th International Conference on Software Engineering, 
1994, pp. 331-340. 
[22] D. R. Goldenson and J. D. Herbsleb, "After the Appraisal: A Systematic Survey of 
Process Improvement, its Benefits, and Factors that Influence Success," Software Engineering 
Institute, CMU CMU/SEI-95-TR-009, Aug, 1995. 
[23] C. Deephouse, D. R. Goldenson, M. Kellner, and T. Mukhopadhyay, "The effects of 
software processes on meeting targets and quality," in Proceedings of 28th Hawaii 
International Conference on System Sciences, vol. 4. Hawaii: Western Periodicals, 1995, pp. 
710-719. 
[24] S. Beecham, T. Hall, and A. Rainer, "Software process improvement in twelve 
software companies: an empirical analysis," Department of Computer Science, University of 
Hertfordshire SCB/Problem Paper, 21 Nov, 2001. 
[25]  K. Kautz, "Even in very small software enterprises metrics can make sense!," 
presented at European Conference on Software Process Improvement, Monte Carlo,1998. 
[26] J. Reeb and R. Henderson, "Experiences in establishing mentor relationships for 
software process improvement efforts," in Crosstalk: The Journal of Defense Software 
Engineering, 1997. 
[27] J. Herbsleb and D. R. Goldenson, "A systematic survey of CMM experience and 
results," in Proceedings of the 18th International Conference on Software Engineering. Berlin: 
IEEE Computer Society Press, 1996, pp. 323-330. 
Page 16 
[28] M. C. Paulk, D. R. Goldenson, and D. M. White, "The 1999 Survey of High Maturity 
Organizations," Software Engineering Institute, CMU, Pittsburgh CMU/SEI-2000-SR-002, 
Feb, 2000. 
[29] J. Y. L. Thong, C.-S. Yap, and K. S. Raman, "Top management support, external 
expertise and information systems implementation in small business," ISR, vol. 7, no. 2, pp. 
248-267, 1996. 
[30] W. L. Smith, R. I. Fletcher, E. M. Gray, and R. B. Hunter, "Software process 
improvement: the route to software quality?," in Software Quality Management II Vol 1: 
Managing Quality Systems, M. Ross, C. A. Brebbia, G. Staples, and J. Stapleton, Eds. 
Southampton Boston: Computational Mechanics Publications, 1994, pp. 193-211. 
[31] M. Diaz and J. Sligo, "How software process improvement helped Motorola," IEEE 
Software, vol. 14, no. 5, pp. 75-81, 1997. 
[32] T. Hall, A. Rainer, and N. Baddoo, "Implementing software process improvement: an 
empirical study," Software Process: Improvement and Practice, vol. 7, no. 1, pp. 3-15, 2002. 
[33] T. Kaltio and A. Kinnula, "Deploying the defined SW process," Software Process: 
Improvement and Practice, vol. 5, no. 1, pp. 65-83, 2000. 
[34] A. Rainer and T. Hall, "Key success factors for implementing software process 
improvement: a maturity-based analysis," The Journal of Systems and Software, vol. 62, no. 
71-84, 2002. 
[35] ABS, "8127.0 Characteristics of Small Business", Australian Government, 2004, 
accessed 8 Sept, 
http://www.abs.gov.au/ausstats/abs@.nsf/0/E49E3B4DC3595C92CA2568A900139377?Open
[36] P. Abrahamsson,"The role of commitment in software process improvement",Ph.D., 
University of Oulu, Oulu, 2002. 
[37] C. Debou and A. Kuntzmann-Combelles, "Linking software process improvement to 
business strategies: experiences from industry," Software Process: Improvement and Practice, 
vol. 5, no. 55-65, 2000. 
[38] K. El Emam, D. R. Goldenson, J. McCurley, and J. Herbsleb, "Success or Failure?  
Modeling the Likelihood of Software Process Improvement," International Software 
Engineering Research Network (ISERN) ISERN-98-15, 1998. 
[39] D. N. Wilson, T. Hall, and N. Baddoo, "A framework for evaluation and prediction of 
software process improvement success," The Journal of Systems and Software, vol. 59, no. 
135-142, 2001. 
[40] P. B. Cragg, "Benchmarking information technology practices in small firms," 
European Journal of Information Systems, vol. 11, no. 4, pp. 267-282, 2002. 
[41] S. L. Pfleeger, N. Fenton, and S. Page, "Evaluating software engineering standards," 
IEEE Computer, vol. 27, no. 9, pp. 71-79, 1994. 
[42] D. R. Goldenson, K. El Emam, J. Herbsleb, and C. Deephouse, "Empirical Studies of 
Software Process Assessment Methods," ISERN ISERN-97-09, 1997. 
 
Page 17 
Table A.1 Feedback Questionnaire Summary -  About the Assessors 
Question Response – 10 responses N 
Almost always 6 1. Was it clear why the assessees provided the information that 
they did during the assessment? More often than not 4 
2. In your judgement, was the information provided by the 
assessees during the assessment within the scope of the 
assessment? 
Almost always 10 
Sometimes 2 3. Were you concerned during the assessment about possible 
breaches of confidentiality by the assessors? Rarely 8 
Sometimes 1 4. Did the assessors appear to have any biases during the 
assessment? Rarely 9 
5. Did the assessors demonstrate understanding of the processes 
being assessed? 
Almost always 10 
Almost always 4 6. Did the assessors demonstrate an adequate understanding of the 
OU and its business? More often than not 6 
7. In your judgement, did the assessors behave in a professional 
manner during the assessment? 
Almost always 10 
Almost always 9 8. In your judgement, how would you characterize the 
competence of the assessors who conducted the assessment? More often than not 1 
9. Did you verify the competence of the assessor? No 3 
Additional questions from 2nd version of form Response – 6 responses N 
Almost always 1 10. How closely did the assessment meet your expectations? 
More often than not 5 
Almost always 2 11. To what extent did the assessment report reflect the 
understanding reached at the site visit?  More often than not 4 
Almost always 2 12. How closely do the findings from this assessment reflect your 
own understanding of your organization's capabilities? More often than not 4 
 
Table A.2 Feedback Questionnaire Summary -  Value of Assessment 
Question Response - 6 responses N 
Excellent 2 1. Overall, how would you characterize your understanding 
of the assessment process and its results? Good 4 
It was very clear and 
understandable 
2 2. Was the process profile produced by the assessment 
clearly stated and easy to understand? 
Almost all was clear and 
understandable 
4 
The purpose of all the activities 
was clear 
5 3. To what extent did you understand the purpose of the 
activities that took place as part of the assessment? 
Some of the activities had a clear 
purpose, but some not 
1 
Very accurately 3 
Generally accurate 2 
4. To the best of your knowledge, within the scope of the 
assessment, how accurately did the process profile indicate 
the OU's major problems? Not very accurately 1 
Yes 1 5. Did the process fail to identify any problems within the 
scope of the assessment? No 1 
Yes 2 6. Did the process wrongly identify anything as a problem? 
No 1 
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Very well 4 7. To the best of your knowledge, how well did the 
assessment results characterize the OU's strong points? Reasonably 2 
More than worth the expense and 
time 
4 8. Do you believe that the assessment was worth the 
expense and time expended? 
On balance, worth the expense 
and time 
2 
 
Table A.3 Feedback Questionnaire Summary - Usefulness of Assessment    
Questions                                                         5 responses SA Agree Disagree SD Don't 
Know
1. The assessment provided valuable direction about 
priorities for process improvement within the OU. 
1 3 1   
2. The assessment helped us better understand what needs to 
be improved. 
1 4    
3. We still need more guidance about how to go about 
process improvement 
1 1 2 1  
4. The assessment improved awareness, buy-in, and support 
for PI among the technical staff in the OU 
 2 2  1 
5. The assessment was impractical; it took too long and cost 
too much 
  2 3  
6. The wrong people or projects were selected to participate 
in the assessment (e.g. people that were interviewed or those 
who filled up questionnaires) 
  2 3  
7. People weren't fully honest with the assessment team   2 3  
8. It was easy to understand the processes followed by the 
OU in terms of the Assessment Model that was used 
1 3  1  
9. The assessment Model that was used provides real 
direction for long-term software process improvement 
1 3  1  
10. There are important areas that the Assessment Model 
that was used does not address 
 1 1 1 2 
  
Table A.4 Summary of frequency of issues identified by firms through content analysis of 
assessment reports 
Factor/Issue Number of Firms 
Managing Director attended assessment 14
Needed Tools for CM or to enhance /extend existing tools 7
Need system/tool to record/track problems 8
Testing needed to be formalized 10
Shortage of available staff 3
Rely on competent staff and informal standards (rather than documented processes) 13
ISO9000 in progress/complete 5/4
Intranet development underway to enhance communication 5
Current situation OK, but need formalization as growth expected 8
COTS developer 8
None or insufficient measures related to problems (bugs) 8
None or insufficient measures related to development effort 14
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Table A.5 Summary of frequency of issues identified by firms through content analysis of 
final reports 
Factor/Issue Number of Firms
Positive conclusion regarding effects of SPI program 9
GST and Y2K deadlines impacted on available resources for SPI 3
Business problems 7
Staff turnover problems 3
Testing processes improved 7
New processes developed but not yet in use 4
Mentoring would have helped 3
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